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Introduction
Obstructive sleep apnea (OSA) is characterized by an intermittent repeatable cessation of airflow to the lung due to closure of the airway at pharyngeal level and afflicting about 24-42% adults and has been implicated as an independent risk factor for hypertension, cardiocerebrovascular diseases, and metabolic complications [1, 2] .
Accumulating evidence suggests a bidirectional relationship between OSA and thyroid dysfunctions, clinical and subclinical hypothyroidism in particular, which is well established to correlate with atherosclerosis, hypertension, cardiovascular diseases, and metabolic disorders [3] [4] [5] . It has been clearly evidenced that hypothyroidism leads to OSA via giving raise to mucoprotein deposition in the upper airway, decreased neural output to airway musculature, obesity, and abnormal ventilatory control since the first description in 1964 [6, 7] .
On the other hand, OSA may also have consequences on hormonal axis and might be linked to or even cause hypothyroidism [8] [9] [10] , whereas studies have been completed with conflicting conclusions on the strength of the association between OSA and hypothyroidism [11] [12] [13] [14] . A recent study showed no difference in prevalence of subclinical and clinical hypothyroidism in OSA patients, compared to general subjects [11] , and consistent results were presented by Resta and colleagues [12, 15] . However, Young and colleagues reported that Hashimoto's thyroiditis, the most frequent reason of hypothyroidism [1] , accounted for almost half of OSA patients (46.8%) and its prevalence was parallel to OSA severity [13] . Furthermore, Resta and colleagues showed that prevalence of previously undiagnosed subclinical hypothyroidism is 11.5% in 78 overweight and obese OSA subjects with no previous hypothyroidism [14] , supported by a recent study exhibiting higher prevalence of newly diagnosed subclinical hypothyroidism (11.1%) in OSA adults, but no 2 International Journal of Endocrinology difference was found in prevalence of clinical hypothyroidism between OSA and control subjects [16] . Of note, most researchers hold consistent viewpoint that individuals with OSA should be referred to thyroid function evaluation [11] [12] [13] [14] [15] [16] .
Clinical overlap between OSA and hypothyroidism creates a significant risk of undiagnosed hypothyroidism in OSA. As a matter of fact, however, the incidence of thyroid deficiency status in OSA patients is not clearly apprehended, missing the diagnosis of hypothyroidism in OSA may lead to inappropriate or unnecessary nocturnal continuous positive airway pressure treatment and may also lead to increased severe complications of OSA via aggregating cardiometabolic risk profiles, and missing the diagnosis of OSA in hypothyroid patients may lead to an increased morbidity and mortality due to increasing cardiometabolic risk for OSA [3] [4] [5] 17] . Therefore, we conducted a cross-sectional study to evaluate the association of OSA and alteration in serum TSH and its correlation with cardiometabolic risk profiles in hypertensive population hospitalized for high blood pressure.
Subjects and Methods

Study Subjects.
Patients hospitalized in the center for diagnosis, treatment, and research of hypertension at People's Hospital of Xinjiang Uygur Autonomous Region from Jan to Dec 2010 were selected, based on the following exclusion and inclusion criteria. Exclusion criteria: subjects with a history of long-term alcohol-intake, asthma, bronchiectasis, severe maxillary facial deformities, preexisting thyroid diseases, chronic obstructive pulmonary diseases, acute phase of infection, history of upper-airway surgery, history of pancreatic surgery, pheochromocytoma, primary hyperaldosteronism, established T2DM or taking hypoglycaemic drugs, cerebrocardiovascular diseases within 6 months, severe hepatic and/or renal diseases, and cancer were excluded from this study. Inclusion criteria: patients who had nocturnal snoring, apneas, and diurnal sleepiness during reading, watching TV, or meetings lasting at least an hour and after the meal (without drinking) via medical history and physical examination and patients with unexplained lip and/or tongue dryness, unexplained cyanosis of lip and/or nail bed, and elevation of hemoglobin levels and/or hematocrit were included. Eventually, 517 hypertensive inpatients constituted study subjects. Study protocol was approved by Ethics' Committees of Health Ministry in Xinjiang Uygur Autonomous Region and abovementioned hospital; informed consent was signed by all subjects.
Demographic and Clinical
Measurements. Blood pressure measurements were performed manually 3 times using calibrated mercury sphygmomanometers in the morning by trained nurses of hypertension center; and the mean of the last 2 measurements was recorded. New-onset hypertension was defined as systolic blood pressure (SBP) ≥ 140 mmHg and/or diastolic blood pressure (DBP) ≥ 90 mmHg, measuring blood pressure three times in different days. Known hypertension was defined as hypertension or self-reported intake of antihypertensive drugs [18] . Height and weight of all patients were measured using standardized equipment during the hospitalization.
OSA Evaluation.
All participants underwent overnight attended polysomnography (PSG). All subjects were required not to take coffee, alcohol, and sedative hypnotic drugs prior to sleep study. PSG evaluation included airflow monitoring with thermocouple and/or nasal pressure, respiratory effort using piezo belts at the chest and abdominal positions, oxygen saturation using pulse oximetry, surface electrodes attached using standard techniques to obtain an electrooculogram, and electromyogram of the chin. Sleep stages were defined according to Rechtshaffen and Kales' criteria by a professional polysomnographic technologist. A reduction in the amplitude of airflow of at least 30% for ≥10 s followed by either a decrease in oxygen saturation of 4% or a reduction in the amplitude of airflow of at least 50% for ≥10 s followed by either a decrease in oxygen saturation of 3% or signs of physiologic arousal composes the definition of hypopnea. Apnea hypopnea index (AHI), lowest saturation of oxyhemoglobin (LSaO 2 ), oxygen desaturation index of 3% (ODI 3 ), and oxygen desaturation index of 4% (ODI 4 ) during sleep were calculated in each patient. OSA severity was defined by AHI as follows: non-OSA (AHI < 5), mild OSA (5 ≤ AHI < 15), moderate OSA (15 ≤ AHI < 30), and severe OSA (AHI ≥ 30) [19] .
Thyroid Function Evaluation.
In accordance with routine clinical procedure, 5 mL fasting venous blood samples were collected at 07:00-08:00 am in the morning after overnight fasting and centrifuged (10 min 3000/min) 30 min after put in room temperature and biochemical evaluations were performed at the clinical laboratory of the People's Hospital of Xinjiang Uygur Autonomous Region. Biochemical evaluation including serum thyroid stimulating hormone (TSH), serum three iodine thyroid original amino acid (TT 3 ), serum thyroxine (TT 4 ), free triiodothyronine (FT 3 ), free thyroxine (FT 4 ), antithyroglobulin (ATG), and anti-thyroid peroxidase (TPO) was measured using electrochemiluminescent immunoassay (Roche cobas e601 electrochemical luminescence analyzer, Roche Germany). Reference ranges for thyroid tests were 0.27-4.2 IU/mL for TSH, the intraassay coefficients of variation %, 0.8-2.0 ng/mL for TT 3 , 5.1-14.1 ng/mL for TT 4 , 2.0-4.4 pg/mL for FT 3 , 0.93-1.7 ng/dL for FT 4 , <116 IU/mL for ATG, and <35 IU/mL for TPO.
Thyroid status was defined as follows [20] :
Euthyroid. Serum TSH and FT 4 were within the normal range, 0.40-4.5 IU/mL and 0. 
Results
Demographic Characteristics.
Mean age and BMI of total subjects were 45.59 ± 9.58 years and 28.04 ± 4.02 kg/m 2 , respectively. Prevalence of overweight and obesity was 40.62% and 47.39%, respectively. OSA was diagnosed in 373 patients (72.15%) who were referred to as the OSA group, mild, moderate, and severe OSA constituting 28.82%, 21.66%, and 21.66%, respectively. The other 144 subjects confirmed to have no OSA were classified as the control group.
Thyroid Disorders.
Overt hyperthyroidism was diagnosed in 2 subjects in moderate and severe OSA groups, respectively, and subclinical hyperthyroidism in 7 participants in non-OSA ( = 1) and in mild ( = 4), moderate ( = 1), and severe OSA group ( = 1), respectively. Overt hypothyroidism was diagnosed in 5 subjects in non-OSA ( = 1) and mild ( = 1), moderate ( = 1), and severe OSA group ( = 2), respectively. Prevalence of subclinical hypothyroidism showed an increasing trend across non-OSA groups to various OSA groups and was 6.94% in non-OSA ( = 10), 13.4% in mild OSA ( = 20), 15.2% in moderate OSA ( = 17), and 17% in severe OSA subjects ( = 19) and reached a significant difference between non-OSA and overall OSA subjects (6.9% versus 15.0%, = 0.014). Table 1 , significant difference exists in gender distribution among groups. Hypertensives with OSA were significantly older, compared to non-OSA ones, and mean ages of OSA subjects were parallel to severity of OSA. BMI of hypertensives with OSA was significantly larger than that of those without OSA, elevating with severity of OSA, and the largest in severe OSA ones. SBP and DBP were elevated with aggregating OSA severity, the highest in severe OSA subjects, with significant differences, compared to non-OSA, mild OSA (both SBP and DBP), and moderate OSA subjects (only DBP). As expected, LnAHI, LnODI 3 , and LnODI 4 significantly increased and LnLSaO 2 significantly decreased with severity of OSA worsening. Of note, severe OSA group had the highest serum LnTSH compared to other groups and showed significant difference, compared to non-OSA subjects (0.99 ± 0.81 versus 0.74 ± 0.77 mIU/L, = 0.009), but other parameters of thyroid function showed no significant differences among groups. Severe OSA subjects showed significantly higher LnALT, LnGLT, LnBUN, LnCr, LnHs-CRP, and FBG, than did non-OSA and mild OSA subjects. Table 2 , partial correlation analysis was performed via controlling for confounders such as age, gender, and BMI, and significant correlation was observed between serum LnTSH and LnAHI ( = 0.104, = 0.021), and LnLSaO 2 ( = −0.100, = 0.025) but not between serum LnTSH and LnODI 3 ( = 0.051, 0.256), ODI 4 ( = 0.066, = 0.142), SBP, DBP, LnFBG, LnHs-CRP, LnALT, LnAST, LnGLT, LnBUN, and LnCr. Table 3 , multiple linear logistic regression analysis was performed via LnTSH as dependent variable and gender, age, BMI, SBP and DBP, AHI, LSaO 2 , ODI 3 , and ODI 4 as independent variables and AHI ( = 0.036) and LSaO 2 ( = 0.030) were independently associated with serum TSH across total study population. Furthermore, multiple linear logistic regression analysis showed that age might also exert some effects in increased serum TSH, and thus total subjects were subdivided into three groups as subjects aged <35 years, 35 ≤ age ≤ 60 years, and >60 years, and multiple linear logistic regression analysis was further performed via variables used as given above, and it was found that LSaO 2 ( = −0.008, = 0.014), AHI ( = 0.005, = 0.007), ODI 3 ( = 0.003, = 0.044), and ODI 4 ( = 0.003, = 0.025) were independently associated with serum TSH in those aged between 30 and 65 years.
Comparison of Clinical Characteristics, Sleep Parameters, and Thyroid Hormones between Groups. As in
Correlation between Serum LnTSH and Hypoxia Parameters in Hypertensive Patients. As given in
Multiple Linear Logistic Regression Analysis between LnTSH and Confounders in Hypertensive Population. As in
Distribution of Serum TSH in Non-OSA and OSA Subjects.
Previous research showed that the incidence of thyroid dysfunction in Chinese with TSH between 1.0 and 1.9 IU/mL was the lowest and recommended as a safe range [21] , and since TSH ≥ 4.5 IU/mL is the cutoff recommended by guidelines to diagnose hypothyroidism [20] , total subjects were divided into four groups as TSH < 1.0 IU/mL ( = 42), 1.0 ≤ THS ≤ 1.9 IU/mL ( = 153), 1.91 ≤ TSH < 4.5 IU/mL ( = 234), and TSH ≥ 4.5 IU/mL ( = 71) and of note, only 26.3% of OSA subjects exhibited serum TSH of 1.0 and 1.9 IU/mL, significantly lower than did non-OSA subjects (26.3% versus 38.2%, = 0.01), and as given in Table 4 we further compared some demographic characteristics, polysomnographic data, renal and hepatic biomarkers, FBG, and lipid profiles and observed that subjects with TSH ≥ 4.5 IU/mL were significantly older than were subjects with 1.0 ≤ THS ≤ 1.9 IU/mL and 1.91 ≤ TSH < 4.5 IU/mL. BMI of subjects with TSH ≥ 4.5 IU/mL was significantly higher than that of those with 1.91 ≤ TSH < 4.5 IU/mL and surprisingly, subjects with TSH < 1.0 IU/mL showed the highest BMI. DBP was increased with TSH increasing from subjects with 1.0 ≤ THS ≤ 1.9 IU/mL to TSH ≥ 4.5 IU/mL and the highest in subjects with TSH ≥ 4.5 IU/mL, significantly differing from DBP of those with 1.91 ≤ TSH < 4.5 IU/mL (96.32 ± 14.19 versus 92.31 ± 12.86 mmHg, = 0.04). In lipid profiles, LnLDL-c and LnTG showed an increased tendency across subjects with 1 ≤ TSH ≤ 1.9 IU/mL to those with TSH ≥ 4.5 IU/mL, but only LDL-c was significantly different between subjects with 1 ≤ TSH ≤ 1.9 IU/mL to those with TSH ≥ 4.5 IU/mL (0.99 ± 0.60 versus 0.87 ± 0.34 mmol/L, = 0.023). Surprisingly, LnTC decreased and LnHDL-c increased with TSH increasing within entire subjects, and LnTC of subjects with TSH ≥ 4.5 IU/mL was significantly lower than that of those with 1 ≤ TSH < 1.9 IU/mL and with TSH < 1.0 IU/mL. LnHDL-c of subjects with TSH ≥ 4.5 IU/mL was significantly higher than that of those with 1 ≤ TSH ≤ 1.9 IU/mL and with TSH < 1.0 IU/mL. 
Discussion
Subclinical hypothyroidism is defined as TSH concentration ≥ 4.5 IU/mL, while FT 4 concentration is normal [20] . Increased serum TSH is well established to correlate with hypertension, cardiovascular diseases, and metabolic disorders [3] [4] [5] . Our primary findings encompass the following: (1) prevalence of subclinical hypothyroidism is significantly higher in the hypertensives with OSA than in those without OSA; (2) serum LnTSH is significantly increased in hypertensive patients with severe OSA than in those without OSA (Table 1) ; (3) LSaO 2 , AHI, ODI 3 , and ODI 4 were observed to be independent risk factors for increased serum TSH in subjects aged between 30 and 65 years even after adjusting for related confounders (Tables 2 and 3 ); (4) only 26.3% of OSA subjects exhibited serum TSH of 1.0 and 1.9 IU/mL, significantly lower than did non-OSA subjects; (5) of cardiometabolic risk factors, DBP and LDL-c showed an increased trend with TSH increasing but differed significantly only between euthyroid and subclinical hypothyroid subjects (Table 4) .
In the present study, prevalence of subclinical hypothyroidism showed an increasing trend across non-OSA groups to various OSA groups, from 6.94% in non-OSA, 13.4% in mild OSA, and 15.2% in moderate OSA to 17% in severe OSA subjects and with significant difference between hypertensives with non-OSA and OSA (6.94% versus 15.0%, = 0.014) and was somewhat higher than population prevalence approximately 5-10% [22] and than previously reported prevalence in OSA patients [11] [12] [13] [14] [15] [16] . TSH, a polypeptide hormone secreted by thyrotrope cells of anterior pituitary, plays a pivotal role in controlling the HPT axis. Tight negative feedback regulation is the characteristic of HPT axis and is the key to using a serum TSH for the diagnosis and management of thyroid diseases, since its changes significantly amplify small changes in T4 [23, 24] . Above findings from the current study possibly suggest that OSA might be a risk factor for increased serum TSH and that a relevant clinical relationship exists between OSA and increased TSH in circulation. This speculation is based on two reasons: (1) increased production of TSH by some stimulating factors in OSA or (2) decreased hepatic and renal clearance and subsequent increase in TSH half-life [25] . However, no establishment of independent relationship between hepatic and renal biomarkers and serum TSH (Tables 2 and 3) suggests that increased TSH is possibly attributable to increased production, indicating OSA might be a risk factor for increased serum TSH.
Underlying mechanisms that may explain the relationship between OSA and increased serum TSH are not fully understood, whereas it is creditable to take into consideration such hall-mark characteristics of OSA as intermittent hypoxia, altered sleep architecture, and systemic inflammation. First of all, hypoxia might play a critical role in increased serum TSH. Previous studies reported serum TSH of subjects exposed to acute hypobaric hypoxia was significantly increased, compared to their sea-level counterparts and ascribed to possible alteration in pituitary negative feedback set point for secretion of TSH [26] . In turn, in a parallel randomized sham placebo controlled trial, one month of continuous positive airway pressure significantly reduced serum TSH in active treatment group compared to pretreatment serum TSH [27] . Furthermore, qualitative and quantitative sleep alterations have been demonstrated to increase TSH, whereas sleep has been demonstrated to have an acute inhibitory effect on overnight TSH secretion [28] . TSH of subjects experiencing sleep withdrawal or partial sleep deprivation late in the night augmented nocturnal TSH secretion and recovered sleep suppressed circadian variation and reversed TSH [22, 29] . Moreover, chronic low grade inflammation such as obesity and OSA is a commonly accepted risk for autoimmune thyroiditis such as Hashimoto's thyroiditis which is the most common cause of elevated TSH and highly prevalent in OSA [1, 13, 22] , as supported by the evidence that long-term sleep apnea increases the risk of cell mediated autoimmunity [29] [30] [31] .
A prospective survey for Chinese population showed that incidence of thyroid dysfunction for serum TSH 1.0-1.9 IU/mL was the lowest and TSH >1.9 IU/mL predispose population to hypothyroidism and <1.0 IU/mL to hyperthyroidism [22] . Therefore, we divided total subjects into four groups as TSH < 1.0 IU/mL, 1.0 ≤ THS ≤ 1.9 IU/mL, 1.91 ≤ TSH < 4.0 IU/mL, and TSH ≥ 4.5 IU/mL and found that only 26.3% of OSA subjects exhibited serum TSH between 1.0 and 1.9 IU/mL, significantly lower than did non-OSA subjects, possibly suggesting that OSA is risk factor for increased TSH even within the reference range. Of cardiometabolic risk factors, DBP and LDL-c also showed an increased trend and significantly differed only between groups with 1 ≤ TSH < 1.9 and TSH ≥ 4.5 IU/mL, and thus it might be reasonable to speculate that increased TSH in OSA may exert some negative effects on lipid profiles.
The current study, however, contains some limitations. Thyroid function tests were performed only once, which may have increased false positivity in current study subjects since the nocturnal peak of serum TSH may be delayed in those with irregular sleep patterns [32] . However, the strength of this study was the large number of investigated subjects, allowing for the analysis of detecting small effects and the quite strict inclusion and exclusion criteria used. Moreover, characteristics of the study design, cross-sectional one, did not allow us to draw a causal relationship between OSA and increased serum TSH. In conclusion, we showed in accordance with previous studies that serum TSH levels are increased in some hypertensive Chinese with severe OSA and more than a half of hypertensives with OSA showed a serum TSH out of recommended safe range, possibly suggesting OSA is a risk factor for increased TSH. Increased serum TSH is associated with some of the cardiometabolic risk factors and the small TSH changes, if chronic, may contribute to the development of disease conditions [7, 13] , and thus performing thyroid function testing in hypertensives with OSA is reasonable.
